Background After tumor resection involving the distal fibula, the method for recreating stability of the lateral ankle remains controversial. Many reconstructive options exist, including allograft reconstruction and arthrodesis; however, each of these approaches has significant potential disadvantages. Description of Technique The distal fibula is resected as necessary to obtain negative margins for local control of the neoplasm. Reconstruction of the lateral ankle ligamentous complex is performed using the peroneus brevis tendon to reestablish lateral and anterior stability of the tibiotalar joint. The peroneus brevis tendon is transected proximally at it myotendinous junction and then sutured to the calcaneofibular and anterior talofibular ligaments in sequence and then tenodesed to the lateral distal tibia with suture anchors and a staple. Methods We present three patients who underwent distal fibulectomy for tumors originating in the distal fibula. All patients who have undergone the reconstruction being described are included within this cohort study. The patients were assessed clinically and radiographically at a range of 14 months to 9.5 years (average, 4.8 years) for functional recovery, return of range of motion, stability of the ankle, and imaging evidence of arthrosis and instability. Results There were no episodes of instability or early progression to arthrosis. In addition, all patients obtained excellent ankle stability and range of motion on examination, but two had complications. One sustained a traumatic fracture to the base of the fifth metatarsal that healed with nonsurgical treatment and another who underwent further fibular shortening and bursectomy at the tip of the residual fibula with complete relief of his symptoms. Conclusions Reconstruction of the lateral ankle after distal fibular resection is possible using the peroneus brevis tenodesed to the distal tibia and sutured to the remnants of the calcaneofibular and anterior talofibular ligaments as described in this surgical technique. In this small group, we found that patients were able to return to normal daily activities without instability or progression to tibiotalar arthrosis at short term; however, longer followup and larger series of patients are called for to confirm these findings.
Introduction
Resection and reconstruction of the distal fibula is an uncommon procedure. When surgeons perform it, the most typical indications include tumor surgery (where limb salvage is preferred to below-knee amputation), traumatic loss of the distal fibula, correction of posttraumatic deformities of the lower extremity, and situations in which the distal fibula is used as a donor graft [3] [4] [5] [6] . Lateral ankle Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. This work was performed at Emory University, Atlanta, GA, USA. stabilization and soft tissue coverage after distal fibulectomy is recommended to prevent ankle instability and subsequent progression to ankle arthritis with accompanying disability [7] .
Multiple case reports and biomechanical studies have shown conflicting and often inconclusive data on the destabilizing effect of distal fibula resection on the overall stability of the ankle and subtalar joints [11, 16, 21, 24, 25] . Complications from these reports range from progressive valgus deformity [15, 20] , gait abnormalities from ankle contractures and abnormal talar tilt [1, 14] , lateral knee instability with peroneal nerve injury [2, 10] , ankle and subtalar arthritis [7, 18] , growth plate injury of the immature distal tibia, to absolutely no effect at all on the functional outcome of the limb [3, 19, 20, 26] .
Reconstruction of the lateral ankle after distal fibulectomy in tumor situations is recommended and needs to be tailored to the needs of the patient, especially those who require further surgery and local radiation therapy. Multiple techniques for accomplishing this goal have been described in the literature including reattachment of lateral ligaments to the distal tibia [8] , fibula autograft or allograft reconstruction [6, 9, 16] , and arthrodesis of the tibiotalar joint [3, 22] . These techniques have their merits, but they have been associated with complete loss of ROM in the ankle and subtalar joints accompanied by the risk of failed or delayed arthrodesis in patients undergoing radiotherapy or chemotherapy. Other described complications include: periprosthetic fractures; destabilization of the proximal tibiofibular joint when the proximal fibula is mobilized distally; and wound and hardware complications, which can increase if adjuvant radiation is required [3, 6, 9, 22, 23] .
In this report, we describe a new surgical technique of lateral ankle stabilization using the peroneus brevis in three patients who had distal fibulectomy as part of the resection of a malignant or aggressive benign tumor. Our goal was to ascertain whether this approach could restore normal or near-normal stability of the ankle after wide resection of a tumor in this location.
Surgical Technique
In each case described, the resection of the distal fibula that was required called for resection of the lateral tibiotalarstabilizing ligaments. The operation was performed under general anesthesia with the resection performed under tourniquet. A longitudinal incision was made from the proximal extent of planned resection extending distally over the border of the fibula to include excision of the previous biopsy tract. At the tip of the fibula, the incision was curved anteriorly to offer visualization of the course of the peroneus brevis, anterior capsule, and anterior talofibular ligament. Resection of the fibula and associated soft tissue mass was completed maintaining appropriate wide margins while mobilizing the peroneal tendons posteriorly. The fibula was osteotomized proximally using an oscillating saw at a planned level based on preoperative imaging. The interosseous membrane was divided adjacent to the tibia. The lateral ankle capsule including the calcaneofibular ligament and anterior talofibular ligaments were then divided. The ligaments of the syndesmosis were divided to complete the resection. Involvement of the distal tibiofibular joint sometimes required completing partial extraarticular resection through the anterior lateral distal tibia where it overhangs the distal fibula anteriorly, as occurred in two of our three cases. The tibial plafond remained intact in all cases. After resection, instability of the tibiotalar joint can be demonstrated with inversion of the foot (Fig. 1 ). The lateral ankle capsule including the calcaneofibular ligament and anterior talofibular ligaments previously divided were tagged with braided nonabsorbable suture (Fig. 2 ). The tendon of the peroneus brevis was divided proximally at the myotendinous junction and reflected anteriorly overlying the lateral talus. The ankle was held in neutral position for tensioning, whereas the calcaneofibular ligament is approximated to the peroneus brevis posteriorly. The ankle was then placed in 30°of plantar flexion for tensioning and approximation of the anterior talofibular ligament to the peroneus brevis. A double-loaded suture anchor was placed into the lateral tibia 1 cm proximal to the joint line. The peroneus brevis tendon was secured to the tibia using a suture anchor ( Fig. 3) . A Richard's staple (Smith & Nephew, London, UK) was then used to secure the peroneus brevis to the tibia 1 cm proximal to the anchor. The remaining peroneus brevis tendon was then reflected distally and posterior to be approximated to the calcaneofibular ligament ( Fig. 4 ). This was tensioned with the foot in neutral position. Excess peroneus brevis tendon was trimmed. The remaining capsule was approximated to the peroneus brevis tendon to complete the reconstruction (Fig. 5 ). The ankle then was examined for inversion instability in neutral position, 30°o f plantar flexion, and full plantar flexion. A bulky dressing was placed and the foot was casted in neutral position for 6 weeks maintaining nonweightbearing status. Progression of weightbearing in a short-leg walking boot along with ROM and strengthening occurs from Weeks 7 through 12.
Planned return to unaided walking was recommended at 3 months.
Patients and Methods
From 2002 to 2012 three patients presented with tumors of the distal fibula that we treated with wide resection. The charts and imaging studies of each of these patients were retrospectively reviewed, and all patients had lesions biopsied for histopathologic diagnosis before definitive treatment. Each patient was evaluated for limb salvage before surgery with advanced axial imaging consisting of MRI of the affected extremity. The patients were selected for limb salvage on the basis of several controlling factors: absence of involvement of the major neurovascular structures supplying the foot, no involvement of the overlying skin to allow for adequate soft tissue coverage for primary closure, no tibiotalar intraarticular extension, absence of malignant involvement of the peroneus brevis muscle or tendon, and the ability to obtain adequate clear margins with resection. Final pathologic diagnosis was Ewing's sarcoma in two patients and giant cell tumor of bone in one patient. Patient characteristics are noted ( Table 1 ). All patients were followed in the early postoperative period at intervals of 2 weeks, 6 weeks, and 3 months with radiographs of the operative extremity obtained at these followup visits. Patients were then followed at intervals appropriate for final pathologic diagnosis and monitored for distant disease with chest imaging as well.
During followup visits, patients were examined for signs of local recurrence, ankle instability, and questioned about episodes of instability as well as other symptoms related to the operative ankle. Ankle instability was assessed by physical examination including anterior drawer and a lateral tilt test. The anterior drawer test was measured with a plastic goniometer and was defined as the linear displacement of the foot as it is drawn anteriorly with the ankle held in 20°of plantar flexion. The talar tilt test was performed by passively inverting the hindfoot in relation to the ankle mortise. ROM of the ankle was measured goniometrically. Radiographic evaluation was done to determine tibiotalar tilt, the presence or absence of lateral talar subluxation with medial joint widening, and to rule out any early arthritis manifest by tibiotalar joint narrowing and osteophyte formation. Fig. 7) .
Results
Our patient results summary is displayed ( Table 2) .
Patient 1
After resection, final pathologic diagnosis for Patient 1 was a giant cell tumor of bone. Her latest followup was 4 years after the procedure, at which time she was noted to have no local recurrent or distant metastases and no tibiotalar subluxation or ankle arthrosis on radiographic evaluation (Fig. 8 ). She developed a base of fifth metatarsal fracture Contralateral ankle examination demonstrated 40°dorsiflexion, 70°plantarflexion, and 15°inversion.
Patient 2
Patient 2 was last seen 9.5 years after resection, at which time he had no local recurrence or distant metastases and no tibiotalar subluxation or ankle arthrosis on radiographic evaluation ( Fig. 9) . One year after the surgery, the patient had returned to previous levels of activity including working full-time as a laborer and subsequently as a delivery truck driver. He had no instability of the ankle but reported a prominent bursa and pain at the tip of the fibular stump. A bursectomy and resection of an additional 7.5 cm of fibula was performed 2 years after the index procedure, which alleviated these symptoms. Pathologic examination of the additionally resected specimen demonstrated no recurrence of disease. At the latest followup examination, the patient demonstrated dorsiflexion of 30°, plantar flexion of 30°, no inversion instability, and normal gait.
Patient 3
Patient 3 had her latest followup 14 months after the procedure, at which point she showed no evidence of recurrent disease and no tibiotalar subluxation or ankle arthrosis on radiographic evaluation (Fig. 10 ). She had progressed to full weightbearing and activities of daily living. Clinically, she demonstrated 10°dorsiflexion and plantar flexion of 45°, inversion was 15°, and anterior drawer was stable on the operative ankle.
Discussion
Volumes of literature exist regarding the management of patients with chronic lateral ankle instability related to recurring sprains in the presence of normal boney ankle anatomy. The surgical techniques suggested in the absence of effective nonoperative management of these patients include procedures generally divided into anatomic and nonanatomic reconstructions. The absence of a distal fibula in our patient cohort excluded the possibility of performing an anatomic reconstruction or the performance of nonanatomic reconstructions carried out by the passage of an intact or a split peroneus brevis tendon through a tunnel in the distal fibula. It thus prompted us to explore the plausibility of a peroneus brevis tenodesis directly to the lateral distal tibia as described in this article. Because of the relative rarity of distal fibula tumors, surgeons disagree about the best way to manage the ankle after distal fibulectomy [1, 7, 9, 12] . Options available for the treating surgeon include: resection of the distal fibula without reconstruction of the lateral ankle, especially if there is no lateral talar subluxation [3, 19, 20] , repairing the residual lateral ankle ligaments to the distal tibia [8, 26] , reconstruction of the lateral ankle using the patient's fibula head mobilized distally [4, 6, 12] , use of a fibula allograft or iliac crest graft to reconstruct the ankle [9, 17] , or tibiotalar arthrodesis with or without inclusion of the subtalar joint [7] . The potential complications of these techniques include loss of motion in the ankle and subtalar joints, nonunion or delayed union at arthrodesis sites, periprosthetic fractures, further destabilization of the proximal tibiofibular joint, nerve injuries, and wound and hardware complications, which can increase if radiation or chemotherapy is required [2, 3, 6, 7, 13, 23] .
We present a novel surgical technique for the stabilization of the tibiotalar joint after distal fibular resection with minimal perioperative morbidity to the patient and good functional outcomes using the peroneus brevis tendon weaved around the residual lateral ankle ligaments and tenodesed to the distal tibia. This study has a number of limitations. First, we are limited by the number of patients in the cohort. Three patients are not enough to draw significant conclusions with statistical significance. However, it is important to note that this is a surgical technique for a very rare clinical circumstance. Second, we are limited by the followup period for the third patient of just 14 months. The other two patients had longer followup intervals of 4 and 8 years with relatively good outcomes. A third limitation of the study is the retrospective nature of this report. The lack of intra-and postoperative stress radiographs of the tibiotalar joint could have provided better objective evaluation of ankle stability. We plan to include this in later evaluations.
Failure to reconstruct the lateral ligaments after fibula resection has been associated with progressive valgus deformity of the ankle and a talar tilt with ankle instability and progression to early arthrosis [1, 14, 15, 20] . For this reason, reconstruction is necessary after resection of the distal fibula. Reconstruction with a fibula head autograft or allograft fibula as advocated by some authors [4, 6, 12] risks the added complication of delayed union or nonunion, periprosthetic fracture, destabilization of the proximal tibiofibular joint, and wound and hardware complications, which can increase if adjuvant radiation is required. Dieckmann et al. [7] presented a series of 11 patients who underwent distal fibula resection for tumors with subsequent hindfoot arthrodesis using a retrograde nail. They reported good results with this technique. However, the resulting loss of ROM in the ankle and subtalar joints, accompanied by the risk of failed arthrodesis in patients undergoing radiotherapy or chemotherapy, is a concern as the primary choice for reconstruction.
We believe that reconstruction of the lateral ankle after distal fibular resection is possible using the peroneus brevis tenodesed to the distal tibia and weaved around the residual ankle ligaments. This avoids the problems associated with tibiotalar arthrodesis, donor site morbidity, and nonunion when grafts are used. In this small group, we found that patients were able to return to normal daily activities without demonstrable ankle instability or progression to ankle arthritis in the short term; however, longer-term followup and a larger series of patients are called for to confirm these findings.
